Numerical taxonomic methods were used to analyze taxonomic data gathered for 229 Vibrio strains isolated from fecal, seawater, and seafood specimens collected in Jakarta, Indonesia. Simple matching and Jaccard coefficients yielded similar results. Most of the clinical isolates were identified as Vibrio parahaemolyticus, V . cholerae, or V . mimicus. Environmental isolates included V . alginolyticus and one strain of V . vuln#cus. Clusters of V . parahuemolyticus included both clinical and environmental isolates. Biotypes of V . parahaemolyticus were not associated with a specific source. Reference strains of other Vibrio species did not cluster with any of the isolates examined in this study. Four groups remained initially unidentified and were further subjected to deoxyribonucleic acid hybridization analysis, which enabled their identification as V . parahaemolyticus, V . alginolyticus, or possible new Vibrio spp. Descriptions of Vibrio species already published proved useful in identifying and classifying most of the isolates from a tropical climate.
The taxonomy of the genus Vibrio has undergone significant revision during the past 15 years. There are currently some 20 species, and at least 14 more have been proposed (2). Recently, separation of the genus Vibrio into three genera, Vibrio, Shewanella, and Listonella, has been recommended (20).
At least 11 Vibrio species have been found to be associated with human gastroenteritis, wound infections, or septicemia. Vibrio cholerae and V. parahaemolyticus cause gastroenteritis and have been isolated worldwide (13). V . vuln$icus, V . alginolyticus, and V . damsela have been isolated from wounds of patients after exposure to seawater and also have a worldwide distribution (13, 19, 26) . V . jluvialis, V. furnissii, V. metschnikovii, V. mimicus, V. cincinnatiensis, and V . hollisae have been associated with gastroenteritis or wound infections (3, 6, 16, 18) . Generally, these pathogens share estuarine, neritic, or brackish marine environments and can be isolated from a variety of environmental samples. Other species, including V . Jischeri, V. splendidus, V . natriegens, V . nereis, and V . pelagius, inhabit pelagic regions and may occur only transiently in estuarine environments (1, 2).
Nonpathogenic Vibrio species, including V . aestuarianus, V . anguillarum, V. campbelli, V . carchariae, V. costicola, V . diazotrophicus, V . gazogenes, V. harveyi, V. logei, V . marinus, V . mediterranei, V . nigripulchritudo, V. ordalii, V . orientalis, V . proteolyticus, V . psychroerythrus, V. salmonicida, and V . tubiashii, are currently recognized as members of the genus (10) .
Development of biochemical and physiological methods for classification of members of the family Vibrionaceae has changed rapidly in recent years (2, 20, 33). Kaper et al. (14) stated that the best approach to the enigma of environmental versus clinical origin of Vibrio species requires integration of systematics and ecology. In this study, both environmental and clinical Vibrio isolates from a tropical country, Indone- Biochemical and physiological tests. Unless otherwise stated, all media were amended with 1% (wthol) NaCl, inoculated with 1 or 2 drops from a Pasteur pipette of an overnight TINl broth culture, and incubated at 25°C. All media were purchased from Difco Laboratories, Detroit, Mich., unless otherwise noted.
Strains were tested for production of amylase (33) , arginine dihydrolase (28) , lysine and ornithine decarboxylases (28) , chitinase (33), oxidase (22) , and acid from L-arabinose, D-cellobiose, salicin, and sucrose in O/F basal medium (33) . Methyl red and Voges-Proskauer reactions were determined in methyl red Voges-Proskauer broth after 7 days. Reactions in triple-sugar iron (TSI) agar (Oxoid) were read after 18 to 24 h at 35°C and recorded as alkaline or acid. The presence of oxidative or fermentative metabolism was determined by using O/F basal medium containing 1% (wt/vol) glucose.
A requirement for NaCl was determined visually as absence of growth after 48 h in 1% tryptone broth without added NaCl. Growth in the presence of NaCl was tested in 1% tryptone broth supplemented with the appropriate concentration of NaCl (34) . Growth at 40°C was determined visually after 48 h in TINl broth.
Hydrolysis of o-nitrophenyl-P-D-galactopyranoside (22) was tested by using a suspension of cells from a 48-h NA plate supplemented with 1% (wthol) lactose (33) . Sensitivity to Oh29 (2,4-diamino-6,7-diisopropylpteridine) was determined by spot inoculation of NA containing 10, 50, and 150 pg/ml (33) . Production of urease was determined by spot inoculation of urea agar plates incubated for 20 to 24 h (28).
Sole carbon and energy source. The ability to utilize a variety of compounds as sole carbon and energy sources was tested by adding the following compounds to a basal mineral salts medium (33) at a concentration of 0.1% (wt/vol; voVvol for liquids). All strains were tested for utilization of 4-aminobutyrate, L-arabinose, butyrate, D-cellobiose, ethanol, galacturonate , glucuronate, L-leucine , propanol, putrescine, and sucrose. Supplemental tests were conducted on 43 isolates for utilization of L-rhamnose, D-galactose, 5-aminovalerate, L-arginine, glycine, hippurate, L-ornithine, mannose, glutarate, glycerate, gluconate, a-ketoglutarate, valerate, and L-citrulline. Sole carbon source plates were spot inoculated with an A400 multipoint inoculator (Denley , Sussex, England). The inoculum was prepared by diluting 1 or 2 drops of a 3-to 5-h TINl broth culture from a Pasteur pipette into 3 ml of fresh TIN1 broth. The biochemical and nutritional tests chosen were selected as a means of distinguishing among Vibrio species specifically from estuarine environments and not from pelagic regions of the oceans (2) .
Morphology. Gram stains were prepared from overnight NA cultures. Flagellar staining was performed by the method of Mayfield and Inniss (23) on air-dried smears from overnight TINl broth cultures stained for 30 to 60 s.
Test errors. Sixteen isolates were inoculated in duplicate to estimate the average probability of test errors. Errors were scattered among the tests, and the average probability of error was calculated to be approximately 5%.
Moles percent guanine-plus -cy t osine determinations. Preparation of DNA samples was performed as described by Johnson (ll) , with the following modifications. The cells were suspended and lysed in Tris-saline buffer (pH 8), containing 0.05 M Tris (Bethesda Research Laboratories, Inc., Rockville, Md.) and 0.2 M NaCl; the Tris-saline buffer was supplemented with sodium EDTA (0.02 M final concentration) at the time of lysis, and the cell suspension was frozen at -70°C until required for further preparation.
The DNA was precipitated and purified (ll), and after 1 h of incubation in RNase, pronase (Sigma Chemical Co., St. Louis, Mo.) was added to a final concentration of 100 pg/ml and incubation was continued for 1 h at 35°C. The DNA was examined for purity by determining the A230, AZ60, and in a model 2600 spectrophotometer (Gilford Instrument Laboratories, Inc., Oberlin, Ohio). The same instrument was used to melt the DNA at temperatures increasing by 1" C/min to determine the moles percent guanine plus cytosine by the method of Mandel et al. (21) . V . cholerae ATCC 14035 (47 mol% guanine plus cytosine) and V . parahaemolyticus ATCC 17802 (46 mol% guanine plus cytosine) were used as standards for moles percent guanine-pluscytosine calculations.
DNA relatedness analysis. DNA-DNA hybridization was conducted with 14 of the isolates (see Table 4 ) by using the batch hydroxyapatite thermal elution procedure (4, 5) . DNAs from the type strains of V . parahaemolyticus (ATCC 27969), V . alginolyticus (ATCC 17749), and V. natriegens (ATCC 14048) were nick translated with 32P (NEK-004; Dupont, NEN Bioproducts, Boston, Mass.), and reacted with unlabeled DNA from representative Vibrio isolates at both the optimal reassociation temperature of 60°C and the stringent incubation temperature of 75°C. Relatedness was expressed as the relative binding ratio (RBR) and as the divergence in the melting temperature (dTm or AT,) (see Table 4 ). RBR is the amount of double-stranded DNA formed between labeled and unlabeled DNAs from different strains divided by the amount of double-stranded DNA formed between labeled and unlabeled DNAs from the same strain. RBR was calculated as a percentage to enable determination of similarity between strains. RBRs of <70% for reactions at 60°C and <55% for reactions at 75°C were considered the cutoff values for DNA relatedness at the species level.
The dTm expressed in degrees Celsius, is the difference in melting temperature between the homologous and heterologous DNA duplexes. A dTm of 5°C was considered the cutoff value for DNA relatedness at the species level.
Control reactions in which labeled DNA was incubated without unlabeled DNA were included, and the label-only control values were subtracted from all reactions before the RBR was calculated.
DNA from V . parahuemolyticus ATCC 17802, V . alginolyticus ATCC 17749, and Neisseria meningitidis Norway H355 were used as control reactions for the DNA-DNA hybridizations (see Table 4 ).
Computer analysis. Computer analysis was performed by using programs available from the Microbial Systematics Section, National Institute of Dental Research, Bethesda, Md. Biochemical and physiological data were submitted to the program TAXON (31) for cluster analysis using simple matching (S) and Jaccard (SJ? coefficients and unweighted average linkage. weighted average linkage were used ( Fig. 1) . Analysis using the Sj coefficient produced similar clusters. The two largest groups were identified as V. parahuemolyticus and V. alginolyticus. Three other groups also found as results of the analysis were identified as V. cholerae, V. mimicus, and V. vulniJicus ( Fig. 1) .
RESULTS
Groups 1, 10-13, and 19 bordered on and were biochemically similar to V. parahaemolyticus and V . alginolyticus. Forty-three isolates within these groups and 22 reference strains were analyzed by using additional sole carbon source utilization tests and growth at 40°C to clarify relationships with V. parahaemolyticus and V. alginolyticus. Results of the second analysis are presented in the dendrogram shown in Fig. 2 . In general, the groupings were not altered. A new group (group 23) was composed of strains H6922 and N186 (Fig. 2) .
V. harveyi, V . furnissii, V . natriegens, V . nereis, V . anguillarum, V . jluvialis, V . metschnikovii, V . hollisae, V . damsela, V . splendidus, V . pelagius, and A . hydrophila did not cluster with any isolates in either analysis.
The DNA base composition of strain N219 was 44 2 1 mol% guanine plus cytosine. Group 1 was the only group in which all strains were capable of utilizing galacturonate and aminobutyrate (Table 1) .
Groups 2 to 9 ( Fig. 1 Table 2 . V. parahaemolyticus reference strain 191 did not cluster with other strains when either the S or Sj coefficient was used.
Groups 10 to 12 occupied a position between the V. parahaemolyticus and V . alginolyticus groups and clustered at S L 78% (Sj 2 63%) (Fig. 1) . A consistent feature for all strains within these three groups was the inability to utilize ethanol or propanol (Tables 1 and 2) .
Groups 10 and 11 were identified as V. parahaemolyticus. Group 10 contained two environmental isolates that clustered at S 2 88% (Sj 2 81%) after the primary analysis (Fig.  1) . After further testing and analysis, these strains joined V. parahaemolyticus 196T and 192 at S L 82% (Sj 2 73%) (Fig.  2) . Group 11 included two environmental and seven clinical isolates that clustered at S L 84% (Sj 1 73%) (Fig. 1) . After further testing and analysis, these strains joined V. parahaemolyticus 19tjT and 192 at S 2 82% (Sj 2 73%) (Fig. 2) .
Group 12 contained two environmental and three clinical isolates that clustered at S 2 90% (Sj I 81%) and joined V. parahaemolyticus at S L 77% (Sj L 70%) (Fig. 1) . After further analysis, these strains clustered at S 2 86% (Sj 2 75%) and joined V. parahaemolyticus 196 and 192 at S 2 80% (Sj 2 69%) (Fig. 2) . The DNA base composition of strain H4309 was 45 k 1 mol% guanine plus cytosine.
Group 13 consisted of nine environmental isolates that clustered at S 2 82% (Sj L 73%) and joined V. alginolyticus groups at S I 79% (Sj I 68%) (Fig. 1) by this group with V . alginolyticus were the ability to produce acid from sucrose, production of acetoin, growth in the presence of 10% NaCl, growth at 40"C, and inability to produce acid from arabinose (Table 1 ). All strains were gram-negative rods that produced polar flagella in TINl broth. The DNA base composition of two strains, N339 and N57, was 43 5 1 mol% guanine plus cytosine. An interesting difference between strains in group 13 and V . alginolyticus was the TSI reaction (Table 1) .
Groups 14 to 18 contained 48 environmental, 1 clinical, and 5 V . alginolyticus reference strains that clustered at S 2 85% (Sj L 77%) (Fig. 1) . Distinguishing features of the larger subgroups of V . alginolyticus are shown in Table 3 .
Group 19 contained one clinical and nine environmental isolates that clustered at S L 84% (Sj L 79%) and joined the V . alginolyticus strains at S 1 78% (Sj L 70%) (Fig. 1) . After further analysis, the nine environmental strains clustered at S L 86% (Sj L 75%) and joined the V . alginolyticus reference strains at S L 83% (Sj L 72%) (Fig. 2) , while the clinical strain (H6922) separated into a new group (group 23). The DNA base composition of two strains, N122 and N104, was 44 2 1 mol% guanine plus cytosine, Although these traits initially identified this group as V . alginolyticus, the DNA relatedness data (Table 4) confirmed that group 19 is a species separate from V . alginolyticus.
Group 20 was identified as V . cholerae and contained one environmental isolate (from a milkfish specimen), four clinical isolates, and the V . cholerae type strain. These strains clustered at S L 85% (Sj 2 68%) and joined the V . alginolyticus and V . parahuemolyticus strains at S I 60% (Sj L 44%) (Fig. 1) . Distinctive features of this group are provided in Table 1 .
Group 21 contained two clinical isolates that clustered at S 2 86% (Sj L 68%) (Fig. 1) and was identified as V . mimicus. The identification of these isolates was based on the ability to grow in tryptone broth without supplemental NaCl and the utilization of glucuronate ( Table 1) .
Group 22 was composed of one environmental isolate (from a barracuda specimen) and three V . vuln$cus reference strains that clustered at S L 84% (Sj I 69%) (Fig. 1) . These strains required NaCl for growth in tryptone broth but did not grow in 8% NaCl ( Table 1) .
The second analysis created a new group, 23, that clustered at S L 87% (Sj L 81%) and included one environmental isolate (from a spinefoot specimen) and one clinical isolate (Fig. 2) . This was the only group in which strains produced acid from both L-arabinose and sucrose (Table 1) . Both strains required added NaCl for growth in tryptone broth but did not grow in 10% NaCl and produced amylase, lysine, and ornithine decarboxylases; and acid slant-acid butt reactions in TSI. They differed from V . parahuemolyticus in the utilization of sucrose and galactose and differed from V . alginolyticus in the utilization of L-arabinose, ethanol, and propanol ( Table 1) .
DNA relatedness analysis was conducted with 14 isolates belonging to groups 1, 2, 9 to 14, 18, 19, and 23. The isolates were selected to represent the unidentified groups (groups 1, 12, 13, and 23), groups that bordered on these unidentified groups in either of the previous two analyses (groups 10, 11, and 19), V . parahuemolyticus (groups 2 to 9), and V. alginolyticus (groups 14 to 18), together with one of the nongroupable strains (N287). It was possible to confirm the identification of groups 1, 2, 9 to 12, and 23 as V . parahaemolyticus and groups 13, 14, and 18 as V . alginolyticus, but group 19 remained unidentified and could be described only as a Vibrio species.
Except for groups 10 and 23, all isolates belonging to V . parahaemolyticus (groups 1 , 2 , 9 , 1 1 , and 12) were 78 to 93% related to the type strain of V . parahuemolyticus at both 60 and 75"C, with dTms of -0.2 to 1.1"C. Groups 10 and 23 were 70 and 72% related to V . parahaemolyticus, respectively. Although these values are very close to the cutoff for DNA relatedness at 60°C (<70%), identification of group 10 as V . parahuemolyticus was based on its dTm (0.4"C) and relatedness at 75°C (72%) ( Table 4) . Group 23 (strain H6922) was 72% related to V . parahuemolyticus at 60"C, with a dTm of 0.2"C and relatedness of 67% at 75°C. Groups 1, 2, 9 to 12, and 23 were 23 to 53% related to the type strain of V . alginolyticus (ATCC 17749) at 60"C, with dTms of 10.1 and 83°C for groups 1 and 2, respectively. Groups 1 and 2 were 26 and 23% related to V . alginolyticus at 75"C, respectively ( ' V . mimicus was not tested for utilization of a-ketoglutarate, gluconate, L-rhamnose, valerate, or hippurate.
NT, Not tested.
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DISCUSSION
The environmental and clinical isolates examined in this study clustered into 23 groups. Five species were identified by use of reference strains and/or characteristic features. It has been noted that the use of a range of tests to identify a particular species from one environmental habitat may not be applicable in another habitat (34) . Nevertheless, results of this study indicate that taxonomic criteria for identification of V . parahaemolyticus, V . alginolyticus, V . cholerae, V. mimicus, and V . vulnificus are useful for identification of strains from seawater, seafood, and clinical specimens collected in Indonesia and included in this study.
The clusters of V . parahaemolyticus were mixtures of environmental and clinical isolates with no separation of the groupings ascribable to the source. Nutritional characteristics were in general agreement with those for V . parahaemolyticus (2) . Results in some cases, e.g., fermentation of L-arabinose and salicin, production of chitinase, and sensitivity to vibriostat Oh29 (50 pg/ml), were useful in distinguishing biotypes of V . parahaemolyticus but, in general, did not separate clinical and environmental isolates.
Identification of V . alginolyticus isolated from tropical waters and seafood was achieved by using standard tests (32, 33) . The V . alginolyticus strains examined in this study were environmental isolates, except for a single clinical isolate. Interestingly, V . alginolyticus is rarely isolated from fecal specimens (13, 25) .
Two diagnostic features of V . alginolyticus (groups 14 to 18), growth in 10% NaCl and acetoin production, were positive for only about 80% of the strains ( Table 1) . The strains that contributed most of the negative results for these features were in group 18. Acetoin production has been reported to be relatively low and transient for some Vibrio strains (2) and is influenced by incubation time and temperature (33) . Other studies have reported negative acetoin reactions (15) . Inspection of specimens and dates of isolation for strains in group 18 revealed no consistent pattern to explain the negative results for growth in 10% NaCl. Larsen et al. (15) found that only 86% of human V . alginolyticus strains could grow in 10% NaCl, and others have also isolated strains negative for this characteristic (17, 27) .
Two clinical isolates were identified as V. mimicus on the basis of their feature frequencies (6, 7) . However, these strains produced acid from cellobiose (Table 1) . Isolates from tropical areas in other studies were predominantly from clinical specimens, rarely from environmental sources (6,7). However, many strains have been isolated from water or shellfish specimens in temperate climates. The possibility that a reservoir of V . mimicus exists in tropical environments requires further investigation.
Clinical and environmental strains of V . vulnificus have been isolated from many temperate areas (13, 24) and have been shown to be indistinguishable phenotypically (29) . It should be pointed out that V . vulnificus has been isolated from fish in Senegalese coastal waters (26) . In this study, V . vulnificus was observed to be distinct from other Vibrio species on the basis of taxonomic criteria (2) .
The taxonomic traits of any group of organisms should be applicable to isolates from the environment. In this study, the taxonomic criteria used to describe Vibrio sp. were related to the type strain of V . alginolyticus at 60°C and 83 to 93% related to the same type strain at 75"C, and the dTm was 0.3 to 0.6"C. These groups were 37 to 50% related to the type strain of V. parahaemolyticus (ATCC 27969) at 60°C. The dTm for group 18 was 11°C. Group 18 was also 28% related to V. parahaemolyticus in reactions at 75°C (Table 4) .
Group 19 (strain N329) was 68% related to V . alginolyticus (ATCC 17749) at 60°C. Although this value is very close to the cutoff for DNA relatedness at 60°C (<70%), separation of group 19 from V . alginolyticus was based on the dTm (5.2"C for group 19 versus a cutoff value of S.0"C) and on relatedness at 75°C (53% for group 19 versus a cutoff value of 4 5 % ) . This group was 48% related to V . parahaemolyticus ATCC 27969 at 60"C, with a dTm of 9.1"C and relatedness of 22% at 75°C (Table 4) .
Nongroupable strain N287 remained unidentified, as revealed by its low relatedness to v. parahaemolyticus (41% at 60°C; 18% at 75°C; 8.5"C dTm) and V . alginolyticus (66% at 60°C; 47% at 75°C; 4.7"C dTm) ( Table 4 ). All isolates in this analysis were only 15 to 28% related to the type strain of V . natriegens (ATCC 14048) ( Table 4) . These values were sufficient to exclude the possibility of identification for any of the isolates examined as V . natr- found to be useful in identifying environmental and clinical strains. Biotypes of V . parahaemolyticus and V . alginolyticus in this study could not be correlated with sources. The variability of selected taxonomic features in the unidentified groups emphasizes the need to use DNA hybridization for resolving their species designations. DNA relatedness analysis proved useful in identifying the representative isolates of groups 1, 12, and 23 as V . parahaemolyticus and those of group 13 as V . alginolyticus. It also confirmed identification of groups 2 and 9 to 11, 14 and 18, and 19 as V . parahaemolyticus, V . alginolyticus, and Vibrio sp., respectively.
Another interesting finding was that group 19 appeared to be most similar to V . alginolyticus on the basis of numerical taxonomic and sole carbon source utilization data. The isolate (N32a) selected to represent this group was similar to V . alginolyticus by DNA relatedness analysis; e.g., it was 68% related to the type strain of V . alginolyticus (ATCC 17749) in reactions at 60°C. However, the dTm was very high (5.2"C) and relatedness dropped to 53% in the reaction at 75°C. Thus, this group is concluded to be a separate species, distinct from V . alginolyticus. Group 19 and strain N287, which did not cluster with any of the groups, remained unidentified. Further research with additional reference strains should resolve the species designation of these organisms within the genus Vibrio.
The recently described species V . aestuarianus, V . orientalis, V . diazotrophicus, and V . tubiashii differ from the isolates examined in this study by at least two of the following features: arginine dihydrolase; lysine and ornithine decarboxylases ; acid from L-arabinose, sucrose, or salicin; and growth at 40°C (8, 9, 30, 35) .
The possible existence of new Vibrio spp. previously unrecognized, as seen in this study, suggests that further studies of vibrios in tropical climates will prove both informative and useful.
